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J1’1, [n I)artllcrsllip  \vi(ll  an industrial collwrliun], IS cn:a:,ed  ia lI)c
ilivcs~i:wtion  of rclirihilily  and q u a l i t y  issocs of b:ill  ~ri[i  ariay (Il(iA)
pachar,cs f(lr space Ili:llt clcclrot)ics  applica[lon<  ‘1 Iils cfli)[t is funded It)
[]arl b y  N A S A  It&I) fol]dirlg  allcl parlly  b y  llic !ndmlry  parlnc!s
c[ll]lril)(ltlnp,  IRAI) fa!lds .1I’1. is llIC I c a d  !n tli!i c{,llioi[i{ll]) w](l) (lie
O(IKIS su~)plyil}p, pal(s, asscil~bly labor, printed w Irln:,  Imards, ai]ct dcsi~,rl
(~1 IIIC ICSI printed Ivirinp, boards.  J1’1.  is also pcrlorl]lln:,  a s!:)ilfical)l
p~l[lloll  01 the laboratory lcsls ot] tl)c Sallllllcs  to dc[clrlllllc lllc t~,l]rrbllily
of II)C illlrrcc)!lr]ccliolls  of ll)c II(; A packa:,cs to (I1c prlnlcd  Jvirl]l: boards
(sclldcr jninls)

,\pI)lolich

II tvas rccop,!lizcd early in tbc pro~ram that a lalpc ritIrIIbcr ofllie tl(iA
sLIldcI joints !vould bc under lest  simultancousl}  crt)d t]]a[ sonic sort of
cottjl)ulcr  based assis tance would  be rcqoircd  to accarrrtcly  Ilack  the
I-allures at)ri ttlc Iinlc [it \vl)icl)  llIcy  occulrcd “1 Ilc Ics[ plaIl called for [lVCI
15(KI cbaaacls ofda[a,  cad]  channel rqrrescntjn:,  up to 15(I soldcrjo[rlls  (o
bc Ilionit[>rcd 24 hours a day over IIIC clurat]on ot’ Ici, ipcra[orc cycl InF.
‘1 IIC plan is to cycle 10 ccrn)plc[e  failure. At the lnlllallon of Itlc projcc~,  the
ICS( capaci ty  at J1’1, mc( appro~ir]lalely  onc-tcl]tb  of [III< rcqullcmcrl[  A
dclcclcd  channel failure was not only to bc idcnlllic(i a. to Il)c parllc alar
card aad channel, but also 10 bc corfclatcd  wl~h the [cal tin]e of fai]urc,
lt.till~cra[u]c  a[ the linlc of  fa i lure,  a!ld ltlc  to[al !iunil)ci  of tcn)pcratufc

CYCICS cxpcfici)ccd by t h e  p a r t i c u l a r  cha!lrlcl  from start M Faltorc
t Iojvevcr,  it was also recognized that the purpcrsc of lIIC NASA I{&l) funds
wa$ Ill inlal  ily to investigate ball grid crrriiy  intcrconncc[$ and not to dcslg,n
and develop test irlstrlll]lc[ltatiorl.  ‘I”bcrcforc, tllc  apprcractl adapted iva$ to
trw  ofl’-tlIc  sbclf  hardware and softwa[c  and to nlin!llllzc dcvcloplllcnt
“i his approach was, in the main, quite successful, but sonic dcvclopnlcnt,
particularly in the sotltvarc  arena, wa$ found to be ncccssar>

J1’1 has been usinp the National Instramcllts  t .abVll  ‘\\J’M software and
has collcc[ivcly  a great deal of cxpc[ icnce in its applica[im)  to Iabrrra[ory
tcstinp, National Instrunicnts  also offers an asselnblar,c of bardwarc which
coa)plcmcnts  the software operating system. As an added at[raclion  to the
IIGA solder joi[lt reliability team, the J]’], cquipn]c[lt  Ioarl pool owned
suflicicn(  inventory of software and hardkvare so lba( tttc p!ojcct  COllld rent
and rclaro  it a( (I]c end of the investigation, Ihas n~inimlzing  the costs to
tbc project

~’st rrrlicle

‘1’hc }](;A tcsl asscmbtics  were specifically dcsigllcd  for tcstinp, sc)ldcr
joints. Ilacb  test board consists of four lKiA fsackap,cs,  with rach parl
having four daisy chains. I.ach of these daisy chains rcprcscn(s onc
channel monitored by the systcm. l“hcre  arc two types of test assemblies
l’ypc I, sl,olj’r]  in }~igure 1, consists of a 352 SIIGA  (Super lIGA), 361
C:tKiA  (Ceramic lKiA), 3S2 OMPA~ (Overmoldcd  Pad Anay Carrier),
and 313 I’IIGA (Plastic IKiA). l“ype  11 consists of a S60 SIKiA,

62S (tKiA, 256 IIGA , and a 256 Gullwinp, ‘1 tic lest a<sctrlblies were
dcsigwcd so rhat ally  quarter of tbc board could be cat out without
irltc[t’crin:  with  the remaining tcs[ assemblies by c[cat ia:. four scpara[e

v

I“igulr 1. “1 ypc 1 B(;A ‘1’csl ,\wcmhly

:Iou I)d planes. ‘I bclc is a pad for cacl] of tllc drrl~> cllaltl< at)d tl)c g,r(wr Id
plane on the test tmards ‘1 Ilis makes fallurt vcrlfrcalloll  and Inspcc[io[l
nlucll  easier. “1’bc rcsis[ance of cacb daisy cballl  can cash> bc n]casurcd
~v!tl) all olimnlctcr  by probin: IIIC co[rcspondlng, pads “1 IIC5C pads also
II IahC il easy 10 lvirc  bond any daisy chains/cllallncls that rwcd to be
closed Specia l  racks lvcre dcsip,acd and built to tlold ttlc ma~i!!]um
nombcr of test boards in the J1’[. ttlcrl]ial  chambers I 1:.ure 2 shows a
tlm mal chamber wi[b  loaded test racks.

Figure  2. lIGA l’cst  Boards in tht  Thermal Chamber
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“1 hc dam acquisition systcm program, I) AQ. VI,  tvz+<  $wi(tcft around tlic
[ ahVll W p,urphics bawd  opcra(in:,  systcm and using t h e  h a r d w a r e
Ilandlcrs  provictcd by Na!ional  Inshunlcnts ‘1’IIc pro:,ralll  Conl(ol$ tlic
kvnpcratm chandrcrs,  gathers the data f(mn the inlci  face cards, lops IIIC
data onto a spread sheet type da~a ba$c, and prcrvidcs opcra[(m irl(crfacc for
caw of crpcratim  I Ig,ort 3 is a block rtla?,ranl of lhc Iabcrralor> test
Systc[n

“1 hc software is ins[allcd  in a I’cntiunl  I’crsonal  (’ompu[cr  ~vllich also
con[aills  a National Instruments 1111?  1{-488 t3cncrrrl }’urposc lntcIFacc Ilus
((illlll) Iloard  and a special I)ata Acquisition ([)AQ) hoard h4crdcl  A“l -
hfllo- 161:-10 also suppiicd  by Naticrnal lr]strurncnk  (’rumcctcrt  to the
(il’1}1 trrmrd arc three “1’hcrn~otron@ thermal cbambcrs.  1 his 11111: bus can
bc rxpaldcd to control o(hcr dcviccs such as power supplies for tbc

cycliw of hcatirrg c]cnicnts  mounted on 11x IIGA dcviccs to sirnula[c the
heat Ihat active dcviccs would  normally dissipate.

The IJAQ  board is connected to National Inskurncnts  S~Xl hardware
intcrfacc  rnodulcs installed in four National lnstrrrmcnt$ card cages ‘I”hc
S(:XI ha!dw,are crrnsisls of 4 S~XI-1001,  12 card chassis, 47 S~X1-1 162
discrc(c input  rnoduks,  and I S~XI-1  100 thcnnocouplc  input module for
a total capacily  of 1 S04 discrc[c  inputs and 32 tcmpcra(urc  inputs

“1 hc I)iscrclc  Input nKrdUIC (S~X1-1 162) is a 32 channc! dcvicc  with
optical inpul  coupling Input isolation provided by tllc op!ical  coupler
float cod of this module was crrrrsidcred to bc a prc-requisite bccausc of
severe ground  loop noise problems encountered with  other instrurncn!ation
schcrncs that had been used in the test laboratory, The relatively low inpul
impcdancc  ofthc front cnd , 360 ohms, also helps tight the electrical noise
inbcrcnt  in the environment ofthc test facility. I~igrrrc 4 is a block diagram
of tbc inpu[  stage of the module.

The thcnnocouplc  module provides 32 channels c~f input which provides
for the rncawrcmcnt  rrf local temfrcraturcs (i.e. in the viciniry of the tcsl
sarnplcs).

\ AAAl

I i:urc 4. Input Iilrrck  Diagram

‘1 hc [WA pachap,cs arc \virc bondtd  iotcrnally  so thar WIICII combiraxl
M IO) tllc  circuitry on the test PWI1 a daisy chain of up to t 50 solder joiars
]{ fonncd  I.ach discrctc input  channel Irlonitom  onc such dal$)’ chain by
dctcclin: the prcscncc or absence of approximately 7 rriilliaillps of current
through the 1.1.1) portion of [hc optical coupler dcvicc

Whcll  a so[dcr joirlt  IJrcaks,  the curlcnt  will not bc able K) Pa$s thro~l:h

Llic solder joint, so the 1.1:1) will no( F,Ct the cuncnt  it need< to lIsh[  Whca
tllc  1 J ;1) is tumcd  off, tlje Iigtlt sensitive transistor sends back a Icr:,ic high
to the computer telling the computer that sonlctbirrg  is Ivrong with (IIC
channel “1 hc computer reads rhc logic hi?~] and knows that a solder joirlt
has failed.

“I hc l)AQ.VI  program will display an event (a circuit cithcl opcaitlg  or
closing,) along with a message that shows the cllarmel number, test board
number, board tocation,  time, cycle nnmbcr,  date, and tcmpcratorc that the
event occurred Fifwrc  5 is a depiction of the operator intcrfa:e  displayed
on the comprricr  monitor. It was dccrncd irnpor(ant  to record both opcnin:s
and closing, of the circuit to detect intcmit(ants if they occur.

This information is also wrillcn to a file that can bc broaght  Lip in a
sprcadshcc[  program DAQ.V1  also keeps :rack of the number of thcnnal
cycles each board accumulates, the board location, serial number, and its
corresponding chanrrcls (16 per board).

‘1 hc awmblcd National Instrrmcnis  haradwarc, cables, and power
supplies are shown in a rack in l’igurc 6.
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lhermal  cyclinp,  oflhe test assemblies began in hlay 1996. “lhc  test
awmhlms arc sNbJccwt  10 a thermal cycle with a tcnlpcralurt  ran:,c from
-300{” to IOO”C’, Ivilllcl!vcll  tin]cs0f20 minutes zrlld 5“C’/nlin  ramp ralcs
A cmoplck C)CIC  lakcsjuslovcr90 minutes Asof Scplcnlbcr  1996 the
Icst  a$fcmhllcs  have 1400 cycles Ibc failures, to date, arc nms[ly  in the
ccranlic  packrrtx  daisy chains. ‘lhcrc  bavc been no fallurcs  in any crfthc
o[llcr  pachaf,cs

f’ol!.clusio~

J1’1 hasdcvclopcdan  inslrlllllclltatiol) syslclll forttlc  lentil!:,  ofso!dcr
j o i n t  r e l i a b i l i t y  a n d  Imrg,cvity. lhis softwareihardwarc  systcrn g,rcatl~
simplifies the task ofrllot]itc}rit~g,a[ld  tracking ~~ihlrcs and tbc coalitions
when the failorcs  occor[rd  of a Iarp,c number of sohlcr joint channels
tlmogh  the automatic ga(hcring  and rccordio:,  c)f tbc test rcsol(s onto a
personal compotcr  database.

~if~!!nwIc@y!Cr!ts
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